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(54) METHOD FOR PRODUCING ESTER CONDENSATE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for producing a (thio)ester condensate by 
catalytic esterification between equimolar amounts of a carboxylic acid and an alcohol or by 
catalytic thioesterification between a carboxylic acid and an equimolar or small excess amount 
of a thiol, thus hopeful as an industrial method needing mass synthesis from the standpoint of 
green chemistry. 

SOLUTION: This method for producing a (thio)ester condensate comprises the following 
process: a direct condensation reaction is made between a carboxylic acid and an equimolar 
amount of an alcohol or a small excess amount of a thiol in a nonpolar solvent such as toluene 
in a deoxygenation atmosphere under reflux while heating in the presence of a (poly) 
condensation catalyst consisting of a tetravalent hafnium compound represented by hafnium 
(IV) chloride, especially hafnium (IV) chloride.(THF)2 or hafnium (IV) t-butoxide to synthesize 
the objective monomeric (thio)ester or poly(thio)ester; wherein it is preferable that in making 
the reflux under heating using the nonpolar solvent, the azeotropic water is eliminated from the 
reaction system. 
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(57) [mm 

SiJcD ^ t - ?>fi4j«W(c X X 7^ jKbSlS^tf ^ c 

f-^ux« 9^ ^ i :^T)i<Dmik^^=^mmr -set, 

jua© 7 ;u 3 - Ji'X«''J^ii*J© 5^ 3^ - 6 ©iSSffl^ 



1 

Crv) • CTHF),r4>SCi«r!t#m<b-rSlil*JS2iatS 
(IV) t - h + -> h--C$,2, C t ^!l#afr2.SI*^ 1 IB 

is© X X 7^ iuai^^Si 

>ffi*ffll-ir.-J< x;^ 7^;u?r^siX-r •2> C <»: ^ItlSi-r ^ 

in^m 1 - 4©^i■rt^*>iat^<Dxxf•J^ai^i^©i!ijt:^^ 

'm&t-ri>nmm 1 -ewii-rtiAifaisox^^f-^i/iisi^ 

!f#si i T s 7 istg© X X r )m-^<Dm^-^m, 

c <b =sriitsi i-r -sw*^ 1 - 8 ©i,»-m*ia*8ox 

;=^-r;u^^1?j©^jS:/^ft. 

[ftsttJIl 1] 0ffi©^^■7X':;A^b^*i, ^Yt''N7 
:j-X>!L7=-Jl/ffi^igj©l!{^:^Fffi, 

lats©^ X ;^ f-;u«l^©SJS:^rffi. 

A (iv) t - h + K-C* ^ C i ^I^Mi r 6it3}?« 1 

0 ffiiK©^:*-xxf ;uffi^^©l!{ii:^ft. 

Jb-lO^ <fc ^ffi ^ ^ - ffllr^r Jt< >; 5^ X 7" 

fiXf iCi^riJ^miT-Sif^JBl 0- 1 3 ©l^-r<T,*:«ia 

»g© 9^:^- x;:< f-;l,Ji^!K)©i^7?fi6. 

~i 4©i»m*ifai)5©^:i-xx7-;usi^!g5©s{3t:^ 
ft. 
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i:'^WLtri>smm i o- 1 5©o>-rn7j>ga*s©?-5i-x 
^f^^u*ii^i|«)©Mji:^?£. 

>->5^u>*i6jS{fn^, 1 x«2j^±©?if?a{T*sci 

t:>tii>ct'^w&ifr^snjmi o^i 7©(,>-rn*>sa 
10 iS©^:*-xxf-^i'Si^!|ij©si4jg:/^ft. 

{iS«3119] 0fflfi©''>7X'i7A^fc^«r^fS^<t 
l^-r ^> X T- ;HbXl* ^ :t X X bJa^«4Ji. 

(i»5}<112 0] Hffi©>'^>'X'i7A{b^!^dJ. ^^b''^:7 
X':7A(IV)-C*^>C<*:^r?#»i:-rSi«5j?^l 9iat!c©X 

Cia*ig2 1 ) %<b''N:7X'^7Aa\o*i. m.it'^y^-'^ 

ACIV)- (THF).-C*SCt«:!^ati-r^i«a5«2 0 
gai8©x ;^ f-;KtX« ^ X f-^U^ tje^S4!«. 

CiS*^2 2] E3ffi©-'>7X't;Afb^*i. ^x-^x-t; 
20 A(iv0t -:rh=^^>' h--C*SCi ^rl^mi-r 5,1**311 
9 latS©xxr;HbX«^*x;^7^^Hbag^fi©g, 

[#6W©S^^lffl^cSiHJ] 

[000 1] 

[mm^-thtmmm ^mmt. Eg^l©/^7-■t;A 

^ -^nSrr§ji©l?ffiT(csic:; s 1* ■& X 7^ ji/Xis^ 
X X f-;ug|^©S;j j^:jjft(cMT -5 . 
C00021 

CSe*©*^] lsm«:^L,t»{b^7'cH2;^©Bgi%tt3if^ 

30 ©Sfi^pjll-C^>'3 . i/'j ->-;7- = 7.V^) -©tSd&jJi^ 
*>SRgtt^©SJ6.2><i:C-S-C4>5> (P. T. Anastas and 
3. C.wamer, Green Chemistry: Theory and PracticeCO 
xford University Press, O)cford, 1998). X-Xf-Mt 
Stt;«*^^fiK©^4)S*&!j*>-oftgAj:jgfc;-c*-5 CTet 
rahedron. 36 , 2409, 1980). x:X-r JUfbSlC>{C-:>(,»T 
»|!t{C|^::*C>itS:©*8^Wl*S*i(Tetrahedron. 36. 24 
09. 1980), »«CC5^H ^aJ':l±©iPS^J$) 5 

tt{b8iJ=&fflc^S'5r-X7i5^< . s:ic:;f^{c«AS©iiI*fiR 

40 ';->er s;^ h y-SiyfT h AX-7 ^ i^cc>->-©SI,^. 

t£<<^ (Synthesis. 1978. 929, 1978, Oiem. Lett. 197 
7. 55, 1977. Oiem. Lett. 1981, 663, 1981. Synthes 
is. 1972, 628, 1972. Tetrahedron. Lett. 12, 3453, 
1971, Tetrahedron. Lett. 14, 1823, 1973. Bull. Che 
50 m. Soc. Jpn. 54, 1276, 1981, Jpn. Patent Appl . 198 
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0. No. 55-115570. 1^^5388 5 2 - 7 5 6 8 4 3. 
Am. Chem. Soc.102 , 7578, 1980, Tetrahedron. Lett. 
28, 3713, 1987. 3. Orq. Chem. 56, 5307, 1991. Che 
m. Lett. 1981, IfiTl, 1981. Bull. Chem. Soc. 3pn. 6 
2, 2353.1989. Chem. Lett. 1984, 1085, 1984. 3. Che 
m. Soc. , Parkin Trans ./1994, 3473, 1994) . 

■^h^'^A. >J;U3j:.'i;A. j\y:^'yA. j<i-i><O.U<D 

( A r liT >; - JUS^r^f ) l?0«lii^rWr Ht^i)^ 10 

iXf Jl/S^M<S^ C^mZ 000-154241) 

9=-^'>^^i|{l:^*r£14fiJ:a-©it>^C< <!: — PiUT 
)Vttf*h<03:7.^}VmW5m (1$g3¥8 - 7 1 4 2 9^ 

[0004] T;i'=i--'UXtt9^:t-;u<t*-'U'-i<> 

g^5j-xxf ;l'«:i!{jt-r-5.^CC. (R'CO) ,0 

^SESm^^m^i-Hm (#MV5 - 2 8 6 8 9 4^i& 
$S) Ai^6nrt,»5. 
[0005] 

rt(C jttf r i> X ^ f-;l/X« X ;^ -r ;KD^jt:^;a*ig 

*>jU;J?>^iTJU3-;i/*>e.*j!<Kfl«]{cx;^-f-;KkSfS 40 

fi4iSS<j4c^:txX7-JWkiS]C&?:tf ^ci^s-r-t. d^>;- 

t L, r Xgft 1" S C t f ?f 5 X ;^ r ;U-?> 9=- :r X >^ 7^ 
^L-O^lifijj?* ^Ji«T ^. C i CC* ^, 
(0006] 

[gSja€:WiJi-r5/ci{><D?'©] *«IW#6W. iSfiSSli 
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[0 00 7 ] -r^fto^^^B^tJ, raffi<D-'^:7-■5A^t^ 

SaETtCSlES C i ^l^iSi XX 7^;l/ffi^«) 
ISitT^S (fi*JSl ) -t^. A-(k^tJ*J. 
^a<fc^^7^0A(IV)r^>4c<!:*!f#mtt-^.iS5}^^ 1 12 
Ii8©xxf^juffl^©«jg:^ (gf««2) •?>. mt'^ 
y^'t?Aiisof)K lS^b>'^•7x■^;A(IV) • (THD.r* 
2.ci5r!^m<b^2, mmm 2 taiscDx X f ^i^m-^^oym 

i&li^ (i»*393) E31ffi©-'^■7r.■i;A^b^*^. >'^ 
7 X A (IV) t - y h + V K r* * C i «r#»i i-4fi} 
1 te4S©xxr-;Hffi^igjcDS{ii:^;S (iS5}t^4 ) 

r;j< XX f^;i'?r^^-ri c i ^!^i»<b-r -siSsj?]! 1 ~ 

4<Di,>-rti*>fei)t(Dxxf-ji/M^4i?©^j*:tr?* (i«3}<ii 
5) ^. mmi:mi.>xmi^mMimK ^mn^'S:^ 

nd^setScDxXT-Jlxfil^J^CDfijt:/^^ (#t5l<:^6) p. 

m 1 ~6 ©(,>-rn*>iBtg(Dxxf-;Uifig^4^!icDSiji:^?i 
(i»5}<^7 ) -?>. hJi/x>. +s^u>. 

CO 00 8] tfc:^mmiit. mM<Dy^y^OMt-^^ 

CcSiD^ -li ^ C i $:!^@S: <t -r S ^ :f-x X 7^;u*i^!g!icDt! 
iS:^ft 1 0) •?>. EHIffiooyN^x-jA^t^l??*!. 

iBI!<<D9^:txx7^ji/8l^©«ji:^rffi (if3j<^i i) 

•^>, t&^t^^7X'^7ACI\0Ai, ft'fb-'^^X'i; ACIV) • (T 
HF),-C^)2>C<!:$:!^Si[i-r-5ig*3Il 1 ietSCDg^:i-X 
^f-^HBI^©^*^ (f«*3Il 2) ^. EgfiB©/N-7 
x-^Aft^^A^^ /^7x.^Aav)t -T-h+i^ K-CS>.2, 
ct?:!^mi-r^>i»^rai 0taiS®9'5j-xxf 

©iJjiT^V* (g»*311 3) ^. ^JU;^^^*!:^:^-.!!/*!: 
xXT-^l'^r^fiSl-r^Ci^ri^i-r^ii^JSl 0~1 3 

©ii-rn*ifs*8<D^:txx7-;u«i^a>Mjg:^ (t»^ 

?rSlc:;^*>6^iT^.C<t^1$®<hf -2.if*311 0-1 
*«15) ^. ?§j«iLT. ^^Stt?§i«?:fflC»SCi=& 
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5 

v^m^^commy^m (H^m i e > $^^mm 

»2fcUi0;®Slr*4C<b«:*$ai<b-rSlt3jc^l 613*8 

<o9:ti^:^T)m^1ifi<om^yjii (fS*JIi 7) JS 

^^oiijg:^ (IS5RJI1 8) ^mtio 

(000 9] ttc^^miit. mm(D^^y::-'^l.it^^ 

1 ^im(os.:^r-Mty.\t^ir:r.7.r-Mm^%m (is 

(IV) • (THF),'C*>€»C<!:*tf#fi4<!:-rSii^^2 0ie 
xX7-;HtX«^:*"xX7^;Hklffi^ft4j« (iS3jt]12 2) 

ccrar^o 20 

[0010] 

Aa\ol^<DHttcD/^:7x^ A(D>'^^-r FtSSB^. />:7x 

fb^N-7x»i;A(lV) • (THF),:^q${cWSLC>o Ctlh 
^^k>'^7::-'^ACIV) • (THF), ^i$^^)/c0{ffi<7)>'^ 

^C<h:?!i5r'*i„ cn6E!H<»D/N:7J^'?A{t^tDflji«J 40 

>mt7)i'Zi-ji^^h:LXf')v^'^fiir^m^. 0. 1 

--1. 0mol%. JfSb<«0. 1-0. 2mol% 

^:?rxxr;U^^^iSc;T'2)ii^. l-2 0mo 1%, Jf3! 

(0 0 1 1 ] :^mmmi.^htii>tf)i7i<>mizLxit. 
m^^t. ijy'a^m.. ijy'^jym. :^y''Jj\^M. "yO^J 
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7i>t:>m. ri^y^ji^m. -^vy^jvm. -b^^f^ 

i?>-l. 2. 4- h ';/7;b^>K. 5>^D-\+it'>- 
1. 2. 3 - h ';;^;1/^>R ^>-t^>-l. 2. 4- 
F ';:^;U*'>®[. i^y^\^y-\, 2. 4-h';/7;U;}< 
>K^cr)h :/^>~l. 2. 3, 4 

-f- i^d7P:/^>-l. 2. 3. 4- 
7"h^;^;U:}<>g{. -OH2>-l. 2. 4. 5 - -r h ^ 
;^Jl/rl<>K. 3, 3 ' . 4. 4' -^>'/:7 x y h 
^;f7;U;K>K. 3, 3' . 4. 4' - :c ::.;Ux-7=- 

(0012) :^§m(^m^>htl?>r)l'::i-J\^tLX{t. 
W^^i. ^d?>'-;U. x^y-;l/, y^'p^N-y-;!/, 

^y*^>'-ju, ^fii^^y-ju^ 

—)\/. h 'J ^^p — ;b'7*p/\*>, h ^^P— ;l/xa? 
^>:$?xi;;;^'; i^-^>^x v ;^ >; h -^l^, 

[0 0 1 3] *:|%B^CCffll^6n5^:t-;u<?:0r«. C^iJ 

^:^-)vm<Dmmm^*-)\^m. ^:ty:^y-)\y^ 4- 

^pp^:t:^xy-;u. 2 -^;U:tf:7* hr >^CD^ 
1. 2 -x3?>*>^2^-J^. 2. 2' 

-*^lyiyS.^:^^:i'-}\^. 2. 2' - ^:i-t;?x ^>$=• 
:^'-->^^, 1, -y'n^^iyV^y^'->i'^ 1. 4->^^> 
1. 5 -^>d?>>^^:f-;l/. 1. 6-^ 
+-9->ey^:t-.»K 1. 9 ->':^>i>5=-2(--;U. 
xUXV^:t->»U. i^^P-^ 

1. 2 -^>-fe'>s;?y ^>^:t-;u. l. 3 
-^y-^'y^ d^y^t-Ji'. i. 4 -•^>-t?>^ 
1. 2. 6 --\^■t^> h ';:t-;n> 

[0014] *f60^<Dxx7^;bj®^<D|ji&:;^nftccfcc> 



7 

^'^i^) 3 - (p-t Ku + t^:7:cy + i^) 

^.iL#K. 4- (m- t KP + i^:7i y + ix-) ^,iLS 
3- (m- t FP^^^i^-^xy^^i^) S.il#K^G[)co 

[0 0 15] ^mmm\.^hixi>^tvx\m^mm 
fflc ^ «rM7nr ^ c <t # c n 6 tciE^ $ n 

— :7xx;l/, x^;U^>'b'>^ i, 3. 5- 

h i; Yy:/pb•;^^>-^2>, o -i^i^pp-^>-if 

1. 2. 4 - h U ^PP-^>-fe'>. :^:7d?U>. 1. 

2. 3. 4 -7^ h^'b KP:^:7^ U> (r*h^U>>* 

THF. 1. ^-i>i^^^lym<Oy^-'r)\^mO 
ffe. N-^^;U-2 - bp > (N~y 5^;U-2 - 
b*p»;K>). N-:7>;b-2-b*n';i/y> (N-:/ 
f^Jl/-2 -b-pt; K>) . N-x^jl/-2 -bp y K 
1, 3 ->^y^;U- 2 -b'P y K>, 

xXjl/X;l/;^>, xha^>4f>^ ^>yx h 
y^Ji-. I. 3-t>y^;u-2--r $^\/y-:^y>, r- 

[0016] *#6B^<DxX"r;l'Xii^:**xXf->'U*S^iB5 
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Jl' i «:S}S^T SS«5S^SJt5J^c (D^ 3f x :^ f-^l/)BS^S 
J3>CC*JC>r«. »l^il8ETl 0 0'-2 0 0*C. 1 2 

0 - 1 6 0 -cri - 2 4 'mmm.^^'i -5 C i * U 

^SJt&JCfcc^rtJ, fiP^SSKT 1 2 0 -2 5 O'C. 

1 5 0-2 00-Cr24-72B$raSfc:*?f^C<h;&^jff 

^>*JH*xX7^JW-<i>d<Ux;:^f-:;l/, X«*S^*5=•a^x>^ 
[0017] 

hjux>igjg (5ml) 4^04 -:7x-;u:r^>s ( 1 
^S) t-<>i^)ir)Vz}-)[y ( 1 ^s) coxX7";WtS 

JJO^ilrjfe?: 1 . 5 B#ra?f ^ C i 6C J: r « ^ tj:^mi& 

30 ( 1 0 m o I %) CDMSIStt^ihlSU/c (Sf&^fr 
A) . SJt^tcj:-9r4^-rS7K«SiJ;7^xn±gpcciS 

i^L/cV U-«rt<7);??7;U>>'5Ab F K«C<fc-:>r 

ax 0 1^1^ /Co -€*<7^m?:a 1 RStS-To tS^t>'^ a (I 
V)<b^fbe^^Unxr:>A(I\0 (Chem. Lett. 1981, 1671, 
1981, Bull, Chem. Soc. Jpn. 62, 2353, 1989) jO^CO 

«(c X X r ;Kt nisi <h t r 5 nri^ ^> ^ > civ)ffi 

40 (3pn. Patent Appl . 1980, No. 5S-.115570. ^mmS 2 
-7 56 8 ^XX(IV)S (3. Am. Chem. Soc. 

102, 7578, 1980. Tetrahedron. Lett. 28, 3713, 198 
A 3. Orp. Chem. 56, 5307, 1991) (COl^T ^>f* br ^ 

m^'i^mm^it'^m. 3. 4. s-f^c^h^bco 

H), (3. Org. Chem. 61, 4196, 1996, Macronolecule 
s. 33, 3511, 2000) . BC 1 j {Synthesis. 1972. 62 
8, 1972. Tetrahedron. Lett. 12, 3453, 1971) , A I 
50 C 1 3 (Tetrahedron. Lett. 14,1823, 1973) , S i C 



1 , (Bull. Chem. Soc, Jpn. 54, 1276, 1981) , S c 
C I J , S c (OT f )j (TTie model reaction indicated 

in Table 1 usinq Sc(OTf)j as a catalyst gave a-t 
etralone as a maior product.. J, Am. Chera. Soc. 11 
7, 44U and 6639 (corrections), 1995. J. Org. Che 
m. 61, 4560. 1996. Synthesis. Lett. 1996, 265, 199 
6). FeClj. Cocl,. NiCl,. ZnCl,. 
GaClj, GeCl.. SbCls. LaCI,, PbC 
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^ 'i; A CIV) t - :/ K + ^> F i r fflc i /cta^ 
CCStotiSSW^ jiff "T i>Cti>^t>*^^fCo C tit km 
fm^>>)i^ n 't? A (iNOft -^X X(iv)ft<7)i^ffl{itB^-r 

10 ^c^JSft4J«r * -5> C i o /c. 
[00 19] 



Mil 





(X) 




SnCl4 


34 


46 


TICU 


26 


73 


TI(O^Pr)4 


34 


62 




77 




Zra4-(THF)2 


84 


38 


Zr(OB)4 


Q 




HICU 


B3 




HJa4-(THF}2 


62 




Ht(06Bu)4 


82 


>99 


HlOa 


c5 





[002 0] HifeM 2 [SJCC^JgcD^Sf t ] 

0/c«?>. 0. 2mol%<9. 3ing) 0^a^t>'^:7-'5 
A(iv)- (THF),<7)#^ET. 4 -:7:c^;l/:/^>®^<t 

XU-g|:^0:^;Ue>'^ At K K 4> b < ti-t U+ ^ ^ - 



30 WJ:yr ^ ^-(^crj:^ct^^UXl>^, 

[0 0 2 1] mmms [mnmmmm] 

CC. |£fiRL/t^U=<^:x5-t/-:/X4 A . 5g) 

?ft*|Jg€:*l«L/Co ;^>'l'#>g^ ( 1 Ommo 1) <hT>'U 
( 1 Ommo 1 ) CC. *#^cSS<D^cC^PfiO h^l/X 
40 >^jeR(2ml), 0. lmol%, 0. 2mol%X 
(3:1 mo 1 %^Dffi{t>'^•:?::.»i?A(IV) • (THF),?:ttI 

(5m 1 ) x>h i;--40flKtC«4-':^ 

ccx;U:7'^>g^ (3 6mmo 1 ) <!: h^Ux^;^ (4m 

50 ->^n|:^<DiS[0(ift4jgg:S:^ti/c;&i^/cig^<o{ii:S:^L, x 



n 
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12 

>h V-QOmmi^icto-^iyVlymm (2m\) * l SRa\ 9<3Dl|RtCfcC:riiR$«7i^ h><D|i*i 

8 4%<7)I|X^rxJ5^x;K7)x:^>^:i• [0 02 2] 

3. 5-yi^f-U>^SK (2in I ) x> h * 

H(a4HTHF)2 



R*OH 



B'COaR* 



noH 



-OH 




<mol%) 


BLXimm (h) ff¥ (X) 
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o- + S^U>. x> h 1 7(D||J^(C;tet^-E, 1 . 3. 



40 x:;^'r';MbSjt6CC*5t:f-5ig{b>'N:7:r.'5ACiv) • (THF) 

CC, ^*«Lfc'tu+^^-i>^:/x4 A (m\. be) 

( 1 Ommo 1 ) t^^ y-Ji^ ( 1 Ommo 1 ) 
CC. 1 mo 1 %(D^{k>'N:7X';;ACiv) • (THF),*Jjn 

9 9%(DlR^rxxr;^*5^#^>n/Co 

50 [0 02 5] 
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[0 02 6] mtkms A(I\Oi^i?>CIV)CD 

(j. ft)lvni. Sci., PartA, R>lvm. Chem. 26, 2199, 19 10 
88). -eC-C. ^^>'^»>A(I^Oi^^>(IV)<Dft^atftffl 

^rTia^DJSJt&S;^^ $ n ^ X ^ -r ;l'3S}^SJCStC ct 0 ll9-< 
r^/c. T i C 1 .(ii|X^9 8%-Cx;^r*>'US}^SC&^ 
ecUte?&^. Wli*g6C^C<bCCH f C U • (THF),(^|5l 

c i % :7 ^ »5 A (IV) <h ^ ^? > (iv)«i *W WCcSi JSIf^ffl 
:^5^tC^C i^r^l^LTC^^ (D. Polym. Sci.. PartA, 

POlym. Chon, 26 , 2199, 1988) „ P5^(DaiH±x:;^ 
MtK\t^<Dj^^f^Wi)^^^ -7 - A (iv);^ ;U ^ - 
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C0 0 2 8 ]S^SfeW6 [^Ux;:^T^;KD^gc] 30 
tftiiS <i:U-C<D>'N:7J::.»i7A CIV){t^^B5CDja** 

t^O/c (S. R. Sandlerand W. Karo, Polymer Synthe 

sis, 2nd ed. (Academic Press: San Dieqo, 1992) Vo 
1. 1, Chapter2) . -TV UZyzi-- y(0^ ^ ^.^^ ^ y ^ 7. 
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mufco 1 Ommo 1 ^Db KP + i^/7;l/.-J<>K, 2 m 1 
Oo - + >'U>SI>*0. 2mo 1 %<Dta<b>N'7-'i;A(i 
V) • CTHF),^ttl;i, TJbrf>ct3"C2 48$rafln^S9£ 

ft?3l±/c?g?K* i 5 Om i CDT-te h ^^ddStnL^Ji^^h 

'1^*>S!. 1 Ommo 1 <D>^:i--;l/. 2n)lCDo-+>'U 
>Saf0. 2mo 1 %<D*^l:^^7::.•^7A(IV) • (THF) 

,^»n^. TJbr/>cf]-c2 4B$iyijasftsa£L/c, 

ik. il^igf?K^2 0 0 m 1 (D^aa>1->;UA(c;SM3lt. 

[0 02 9] *Sm?:S3CC^t-o ^3^. 

DP«S^S*;a^b. D P <h^^l^^T-SM 

fiMwtS:. Jj<';;^^U>^^m<*: 40"CrTHFct3 
0. 2mm%(D^JiS.4<V^-i:yjUJ^-^x.-iy3>tf 
^Ai^U-:?^ Vt^'yy ^ — (Two Linear TSK-qel-CMK 
X. iMv-) ;t7'^A^2*a?iJ^co^^ti/c*>CD^^) 
J: 0 ^isbtcmx$i «3 . H O [C O (C H, O ]„ H Cc*5C:r 

mo 1 %CDiM{t>'>:7X'^A(iV) • (T H F), Jgrffll^ 4 0 

•>A(I\0 • (TH F),{3:. ay~\i h'U^iytf)V^>mi: 
m<.^fc7t^0s.Xy-)l(Dm^'^. a. oy-mfif)miy^)lrr^ 
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/do TiaSJteS:tC7n?n^J:^(C. ;^;bJi<'>K (2 0m 
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(2m 1 ) ?r»n^. 5mo 1 %<0t&^t>'^•7-':?A 
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Uij (SSBIffi •^+1t-> : ftS!x^;l/ = 4 0 : 1 ) . « 
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H) ^fflc^r. J:fai(oj«cc5mo i %<omit^^y ^'^ 

A(I\0 • (THF),CD#^£TCCr. T^l/ri^^i-e i 7 B$ 

rai 2o-crfinJ»fir]SL/c*s*fc«4{C7n-ro a4*^i=> 
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.t^UxX-TJl/. ^:i-XXx;U-?'jJ<Uf':*-XXx;l/^*^ 

[0®cDffi^>:clJiB^] 

[0 1 ] ^;^x><D»sTX{«^??^ETcc*5C:rsJa^t^^ 

:7x^A(rV) • (THFX^ffll^/c4 - -7 :t x;l/ 
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CB06A CF13 DBOl EAOl 
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